Aims To report the outcomes of the use of intracameral bevacizumab for iris neovascularization occurring after silicone oil (SO) removal in eyes undergoing vitreoretinal surgery (VRS). Material and Methods This study included 12 eyes that had iris neovascularization after SO removal. The clinical outcomes of 12 eyes after intravitreal bevacizumab injection were reviewed. Results There were eight men and four women with an average age of 41.58 ± 12.68 years. All eyes had VRS for various vitreoretinal diseases. After the mean follow-up period of 9.7 ± 5.3 months, SO removal was performed. Then, the patients were followed for more than 2 months and detailed retinal examinations and intraocular pressure (IOP) were normal during this period, but rubeosis iridis (RI) developed. RI was treated with 1 dose of 1.25 mg bevacizumab into the anterior chamber. After a mean follow-up period of 4.8 ± 2.2 months, the regression of iris neovacularization was detected and IOP was below 21 mmHg in all eyes. Conclusion Anterior segment neovascularization (ASNV) may develop through various mechanisms in patients with VRS after SO removal, and anterior chamber injection of bevacizumab may lead to regression of ASNV.
Introduction
Anterior segment neovascularization (ASNV) has been one of the devastating complications after vitreoretinal surgery (VRS) with and without silicone oil (SO). Several studies have reported the formation of rubeosis iridis (RI) after VRS and the precise mechanism of the development of ASNV has been still unclear. [1] [2] [3] [4] [5] [6] ASVN may lead to inevitable ocular complications, such as painful neovascular glaucoma. 5, 6 Regressive approaches for ASNV, including antivascular endothelial growth factor (VEGF), may prevent the development of devastating consequences.
Bevacizumab (Avastin) is an anti-VEGF agent and inhibits VEGF. It produces stabilization or regression of neovascular activity and vascular permeability. 7 Intravitreal administration of bevacizumab has been commonly used in various ocular diseases, such as diabetic retinopathy, age-related macular disease, and vein occlusion among others. 8 Recently, several studies have been reported regarding the use of intracameral or intravitreal bevacizumab for the management of neovascular glaucoma and RI. 9, 10 In this study, we report regression of RI after the injection of intracameral bevacizumab in eyes with VRS after SO removal.
Materials and methods
Twelve eyes of 12 patients who had iris neovascularization after SO removal were treated with intracameral bevacizumab injection, and clinical outcomes were reviewed in this study. This study was approved by the institutional ethics committee. Written informed consent was obtained from all participants before the enrolment of the participants in the study after the nature of the intervention was clearly explained.
After obtaining detailed medical histories, the patients underwent pre-injection examination, including corrected visual acuity measurements with Snellen chart, the measurement of intraocular pressure (IOP) with applanation tonometer, biomicroscopic anterior chamber, and dilated fundus examinations.
Exclusion criteria were thromboembolic events (including myocardial infarction or cerebral vascular events), major surgery within the previous 3 months, uncontrolled hypertension, and known coagulation abnormalities.
All intravitreal injections of 1.25 mg bevacizumab were performed using proparacaine (Alcaine; Alcon Laboratories Inc., Fort Worth, TX, USA) under sterile conditions (eyelid speculum, eye drapes, and povidoneiodine). Bevacizumab (1.25 mg) was injected into the anterior chamber using a 30-gauge needle through the limbus. The patients received topical 0.3% ciprofloxacin four times daily after the procedure.
Postinjection follow-up examinations were performed weekly in the first month and monthly thereafter. Postinjection evaluations including the measurement of IOP with applanation tonometer, detailed anterior segment, and dilated fundus examinations were recorded.
Results
There were eight men and four women with an average age of 41.58 ± 12.68 years. Three eyes had proliferative diabetic retinopathy (PDR with epimacular and/or epiretinal fibrovascular membranes and no tractional detachment), one eye had PDR with thick fibrovascular membranes and tractional retinal detachment (TRD), two eyes had PDR with only thin fibrovascular proliferation (no tractional detachment) and vitreous haemorrhage (VH), one eye had TRD (not diabetic), four eyes had giant retinal tear (GRT) and RD, and one eye had eales disease and VH, and all eyes underwent VRS with SO injection (1000cs or 5000cs). Three eyes were pseudophakic and nine eyes were phakic. IOP and anterior segment examination findings were normal in all eyes before VRS.
There was no complication during the mean follow-up period of 9.7±5.3 months after VRS. Then, SO removal was performed and the patients were followed for more than 2 months. After SO removal, detailed retinal examinations and IOP were normal, but the development of RI was observed. RI was detected by slit lamp anterior segment examination. It was treated with 1 dose of 1.25 mg bevacizumab into the anterior chamber and the patients were followed for the mean period of 4.8 ± 2.2 months (Table 1) . At the last examination, the regression of RI was detected by slit lamp anterior segment examination and IOP was below 21 mmHg in all eyes. No intraocular inflammation and complication were observed during the follow-up period after injection.
Discussion
Silicone oil has been commonly used in complicated vitreoretinal diseases and it has been considered useful in preventing the onset or aggravation of RI, and neovascular response has accelerated after SO removal in eyes with VRS. [11] [12] [13] [14] In this study, we observed the development of RI in eyes undergoing VRS after SO 
M, male; F, female; PDR, proliferative diabetic retinopathy; RM, epiretinal and/or epimacular fibrovascular membrane; VH, vitreous haemorrhage; TRD, tractional retinal detachment; GRT, giant retinal tear; P, phakic; PSD, pseudophakic; PPV, pars plana vitrectomy; SO, silicone oil; SB, scleral buckle; SOR, silicone oil removal.
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removal and reported regression of RI with the injection of intracameral bevacizumab. Several mechanisms have been proposed to explain the development of RI after SO removal. Although complete retinal laser photocoagulation has already been performed before and/or during operations in eyes with PDR, failure to regulate blood glucose and persistent ischaemia may increase the likelihood of anterior and posterior segment neovascularization after SO removal. In addition, disruption of the blood-retina barrier may occur in the eyes undergoing vitrectomy, and this situation may contribute to the development of neovascularization. 1, 3 When the inhibitory effect of SO disappears, neovascularization in either the anterior or posterior segment may increase.
An alternative mechanism having a role in the development of RI may be a regression in the release of the aqueous humour. The association of hypotony with RI has been reported in several studies. 15 When SO is kept in the vitreous cavity for a long time, it may have either mechanical or toxic effects, which may lead to a considerable regression in the excretion of the aqueous humour. It should be kept in mind that there is a tendency to hypotony in such cases. 1, 16, 17 When the inhibitory effect of SO disappears, ischaemia may become more marked.
Scleral buckling has been used in some cases of complicated retinal detachment 2 and it has also been required to avoid retinal shortening in some cases of RD with GRT. 18 Such practices are also known to cause ischaemia in the anterior segment and neovascularization, and ischaemia may increase markedly following SO removal. 2 In addition, if the anterior part of the tear is not excised in eyes with giant tears, an atrophied anterior piece of tear may be forced towards the anterior part by intravitreal SO and a marked proliferation between the atrophied piece and the ciliary body may occur. 19 Both adhesions due to this proliferation and excess aqueous humour resorbed through the large choroidal opening, and also, mechanical and toxic effects of SO cause reduced amount of aqueous humour, and a subsequent ischaemia can induce neovascularization following SO removal.
In our study, VRS included complete retinal laser photocoagulation, scleral buckling, and SO injection in eyes with PDR and/or TRD, and in eyes with RD and GRT, VRS with SO injection were combined with scleral buckling. Other eyes underwent VRS with SO injection. Retinal detachment and other postoperative complications did not occur during the follow-up period with SO, but we observed RI in these eyes after SO removal and we thought that depending on the combination of abovementioned conditions, a marked ASNV appeared in our series. We used intracameral bevacizumab to reduce RI in these eyes.
Intracameral bevacizumab prevents neovascularization through several mechanisms. Bevacizumab binds and inhibits all the biologically active form of VEGF and decreases neovascularization, and it also has a regulatory effect on the blood-retina barrier disrupted after SO removal in the eyes undergoing vitrectomy. In addition, intracameral bevacizumab decreases ischaemia in the posterior segment, which eliminates ASNV. 8 Regression of the iris neovascularizations and neovascular glaucoma have been reported after the injection of bevacizumab in several studies. 9, 10 Grisanti et al 9 have reported the regression of iris neovascularization after intracameral bevacizumab injection in six eyes of three patients with PDR (two patients) and ischaemic vein occlusion (one patient) within 4 weeks of follow-up. Qureshi et al 10 treated neovascular glaucoma secondary to ischaemic central retinal vein occlusion in two patients using intracameral bevacizumab injection. Falavarjani et al 6 have reported the intrasilicone injection of bevacizumab in order to treat neovascular glaucoma after vitrectomy in five eyes with diabetic retinopathy. In their study, they observed complete regression of RI within 7 days after injection and they concluded that bevacizumab injection was effective in the management of RI after vitrectomy. 6 In this study, we used intracameral bevacizumab injection to treat ASNV. We observed regression of neovascularization within the follow-up period and there was no recurrence after 4.8 months follow up. In this study, the follow-up period was short after bevacizumab injection. However, as it is difficult to achieve systemic regulation of PDR, long-term outcomes of avastin injection can be misleading. In fact, short-term outcomes of avastin injection can better indicate the duration of avastin efficacy.
In conclusion, our observations indicate that secondary mechanisms may lead to neovascular activity in eyes with VRS after SO removal. Intracameral bevacizumab can prevent neovascularization of the anterior segment after SO removal. Early prevention of neovascular activity in the anterior segment should be the aim of optimal care for eyes with VRS.
Summary
What was known before K The development of rubeosis iridis after silicone oil removal may lead to inevitable complications in eyes with vitreoretinal surgery.
What this study adds
K Intracameral bevacizumab may regress rubeosis iridis developing after silicone oil removal in eyes with vitreoretinal surgery.
